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Background:
In November 1999, Harding ESE, on behalf of CDOT, requested a Rule Authorization to 

conduct a pilot-scale test to assess whether an active aerobic biodegradation process can 

be effectively implemented in a complex hydrogeologic setting to remove methylene 

chloride from groundwater in the Dry Well area of the CDOT Region 6 Headquarters Site 

at 2000 South Holly Street in Denver. Figure G-4 shows the general site plan of the 

area. A secondary purpose was to assess the potential of the pilot-scale test to stimulate 

co-metabolic degradation of more highly chlorinated compounds present in groundwater 

such as PCE, TCE, 1,1 DCE. In a letter dated December 13, 1999, CDOT was issued a 

Rule Authorization to conduct the pilot test injection activities. The pilot-test system 

operation began on January 31, 2000, and the pilot test continued through July 21, 2000. 

Harding ESE submitted a report of the pilot-scale monitoring results on September 20, 

2000.

On July 22, 2000, Harding ESE, on behalf of CDOT, requested a 6-month extension of 

the Rule Authorization in order to continue injection activities and maintain the steady- 

state permeation of nutrients throughout the plume to maintain the level of microbial 

activity that had been developed during the pilot test. The 6-month extension of injection 

activity provided for continuation of injection and monitoring activity through January 

31, 2001, until the final remediation strategy could be implemented. In a Rule 

Authorization Modification letter dated July 28, 2000, the time frame for the pilot test 

was extended to January 31, 2001.

In a letter dated December 18, 2000, Harding ESE, on behalf of CDOT, requested a 

second extension to the injection activities to allow for the development of the Draft 

Final Corrective Measures Work Plan and public comment period on the expansion of 

the pilot test injection activity as the proposed presumptive remedy. The Draft Final 

Corrective Measure Work Plan dated December 22, 2000, was submitted to CDPHE. In 

a Rule Authorization Modification letter dated Jan 5, 2001, the time frame for the pilot 

test was extended to July 31, 2001. Inj ection activity stopped on May 31, 2001.

In a letter dated April 17, 2001, CDPHE provided CDOT with comments on changes to 

the Draft Final Corrective Measure Work Plan to be incorporated into a Final Corrective 

Measure Work Plan. On May 1, 2001, CDPHE and CDOT met to discuss CDOT’s
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proposed responses to the April 17, 2001 comments. In a letter dated May 18, 2001, 

CDOT documented the responses to CDPHE’s April 17, 2001 comments. In a letter 

dated June 8, 2001, CDPHE issued a letter approving CDOT’s responses as documented 

in the May 18, 2001 letter. The Final Corrective Measure Work Plan was submitted to 

CDPHE on July 12, 2001. After Public Comments were received, a subsequently revised 

Final Corrective Measure Work Plan was approved by CDPHE in a letter dated 

December 20, 2001.

Table 1.1 includes a summary of corrective actions requirea under the Order on Consent 

issued by CDPHE. Note that this Statement of Basis and/Rule Authorization 

Modification covers remedial activity at the Dry Well Ideation. Ground water in the 

areas near monitoring wells CMW-6 and CMW-7 will addressed pending the assessment 

of results from the RCRA Facilities Investigation being conducted by the Brown Group 

at the former Redfield property as specified in CDPHE’s April 17, 2001 letter. In the 

interim, CDOT will continue semiannual ground water sampling in the vicinity of these 

two wells.

CDOT contractors have performed investigations to evaluate geology, ground water flow 

conditions, and nature and extent of contamination at the Region 6 Headquarters site. 

These investigations are documented in an Environmental Site Assessment report and a 

Site-Wide Soil and Ground Water Investigation report. Results of sampling conducted 

during site investigation indicate that the primary area of ground water contamination at 

the site originates from the former Dry Well that was used for disposal methylene 

chloride. The contaminant plume is localized in the area east of the Site Materials Lab 

building and west of the Redfield building. In this area ground water is contaminated 

with methylene chloride, PCE, TCE, and 1,1 DCE.

Pathways of contamination migration: VOC’s appear to have migrated vertically from the 

bottom of the former Dry Well (approximately 11 ft bgs), through the unsaturated zone, 

and to the water table at approximately 20 ft bgs (based on pre-pilot test water levels). 

This is supported by data that show the highest detections of methylene chloride occurred 

in Monitoring Well C-MS20S; an upper zone well installed at the location of the former 
D$y Well. Data collected during the Interim Measures investigation performed by 

Harding ESE (then HLA), indicate that the greatest mass of contaminants (primarily 

methylene chloride) entering the bedrock ground water system in the Dry Well area have 

migrated down gradient preferentially through the weathered sandstone unit# of the upper 

and lower zones. However, the migration pathways through the sandstones is tortuous 

and is dependent on cementation, percentage of fine-grained matrix, and other 

characteristics of these sandstones. Where these sandstones pinch out, flow rates are 

expected to significantly decrease in the adjacent bedrock claystones. The low 

permeability of the 2 to 8 foot thick claystone separating the upper and lower sandstones, 

forces the ground water flow and contaminant migration to be predominantly horizontal. 

Hydraulic characteristics and differences in ground water chemistry between the upper 

and lower semi-confined sandstone also indicate the primary pathway for contaminant
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migration into the lower aquifer was not vertical migration through the overlying 

claystone aquitard, but through localized areas where the overlying claystone is absent 

and the two sandstone units converge or through vertical or high-angle fractures in the 

claystone, and possibly from vertical flow through the former well bore at C-MW11.

There is also arsenic contamination in the soil at this site. In a letter dated Sept 

27, 2000, CDPHE has directed CDOT to implement institutional controls for the high 

arsenic levels within the soil and include a system to manage the institutional controls in 

the final remedy document for the site. These institutional controls will included site 

access restrictions, maintenance of the existing asphalt cover, appropriate signage and 

future land use restrictions and deed restrictions.

The Final Corrective Measures Work Plan prepared by Harding ESE, and 

approved by CDPHE on December 20, 2001, CDOT focuses on using in-situ 

biodegradation under aerobic conditions as the presumptive final remedy for active 

remediation of the contaminated ground water plume in the Dry Well area. The preferred 

alternative will implement a full-scale in-situ bioremedation system, expanding the 

injection system previously rule authorized as a pilot test.

Corrective Action Objectives related to injection activities:
The purpose of the corrective action injection activities for the site is to control or reduce 

contaminant concentrations to a level that poses little adverse short and long-term effects 

to human health and the environmental. The general objectives developed for corrective 

action at the site include the following:

1. Prevent further off-site migration of contaminated ground water that contains 

constituents at concentrations exceeding the State of Colorado ground water 

standards and MCLs.

2. Reduces dissolved-phase contaminant concentrations associated with the dry well 

release to State ground water standards and MCLs.

Description and Evaluation of the Presumptive Remedy for the Dry Well area: The

presumptive remedy for ground water in the Dry Well area will expand on the in situ 

aerobic biodegradation technology successfully demonstrated during the pilot scale test 

conducted at that location.

The processes of aerobic biodegradation: Organic compounds generally represent 

reduced forms of carbon are therefore susceptible to oxidation. Halogenated compounds 

are relatively oxidized by the presence of halogen substituents with the more substitutes; 

the more oxidized the compound and the more susceptible to reduction. Methylene 

chloride is a low to moderately halogenated compound, thus it is susceptible to oxidation. 

In a highly aerobic oxidizing environment, such as that created during the CDOT pilot- 

scale studies, the oxidation mechanisms for methylene chloride oxidation are related to 

the oxygenase family of enzymes. This family of enzymes oxidizes halogenated 

compounds by four general mechanisms: 1) incorporation of oxygen in the carbon- 

hydrogen bond, 2) oxidation of the halogen substituent, 3) oxidation of the carbon-carbon 

double bond via epoxidation, and 4) biohalogenation of the carbon-carbon double bond.
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In all of these cases the resulting end products of the oxidation process are a halogenated 

intermediate (which subsequently oxidized to carbon dioxide), hydrogen ions, and free 

electrons. This is unlike reductive dehalogenation, which involves the stepwise removal 

of substituted halogens in the metabolic process and an accumulation of chloride and 

other more potentially toxic chlorinated degradation products. Conversely, an aerobic 

oxidative metabolic process does not necessarily result in the accumulation of measurable 

breakdown products such as chlorides or chlorinated degradation products.

The presumptive remedy will include the installation of injection wells and monitoring 

wells in the upper and lower zones, installation of a nutrient and oxygen feed system and 

injection pumps, operation of the injection system, and ground water monitoring. The 

system will be capable of continuously injecting nutrients, oxygen, and methane into a 

maximum of 20 wells simultaneously to establish and maintain aerobic biodegradation of 

the contaminant plume. The ground water remediation goals are listed in Table 3.1.

Twenty-two new wells will be installed during the implementation of the presumptive 

remedy. Table 4.1 summarizes the estimated depths and well completion information for 

each of the new monitoring well and injection wells to be installed. In response to 

concerns raised by CAPCO management, the current tenants on the adjacent Brown 

Group property about the number of wells to be installed in the high-volume traffic area 

on the west side of their building, as many as 14 wells (seven upper zone and seven lower 

zone) will be installed a dual completions. The dual-well completions will allow the 

number of well vaults to be minimized while will providing the necessary coverage of the 

plume area and system flexibility requested by both CDPHE and the Brown Group. 

Figure C-3 is the schematic drawing for single completion injection and monitoring 

wells; figure C-4 shows the schematic for dual completion injection and monitoring 

wells. The initial injection system will use 17 of the injection wells. There will be 6 

monitoring wells that are convertible to injection well. This design will provide CDOT 

the added flexibility to vary the configuration of the system in response to changes in the 

contaminant plume dynamics by providing the ability to take injection wells off-line in 

some areas and place other will on-line as remediation progresses.
e'%

Upper zone wells: Within the upper zone sand unit in the dry well area, 15 new wells 

will be installed as part of the presumptive remedy implementation. Nine of these wells 

will be injection wells. There are 2 existing injection wells' making a total of 11 injection 

points within the upper zone. Eight of the new upper zone wells will be single 

completion wells. A total of 16 upper zone wells will be monitored during the operation 

of the in situ biodegradation system. To provide flexibility in the operation of the 

injection system, 3 upper zone monitoring wells (C-MW21S, C-MW34A, and C-OBS1 A) 

will be modified or completed so that the wells can be used as injection wells in the 

future, if necessary. The locations of injection wells and monitoring wells completed 

within the upper zone are shown in the figure labeled Figure 3.1.

Lower zone wells: Seven new wells will also be completed in the lower zone sand unit

* C-NM20S 
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during the implementation of the presumptive remedy. Within the lower zone in the dry 

well area, 4 new injection wells well be installed and the 2 existing well will remain 

active as injection wells for a total of 6 injection wells, located as shown in Figure 3.2. 

Three new monitoring wells will also be installed to monitor the performance of the 

presumptive remedy. In total, 14 lower zone wells will be monitored during the 

operation of the in situ biodegradation system. To provide flexibility in the operation of 

the injection system, 3 lower zone monitoring wells (C-MW21D, C-MW31B, and C- 

MW35B) will be modified or completed so that the wells can be converted to injection 

wells in the future, if necessary.

An injection delivery system will be constructed in the dry well area to facilitate the 

enhancement of in situ aerobic biodegradation through the addition of oxygen, nutrients 

(including potassium phosphate and ammonium nitrate), and methane to the subsurface. 

A potassium bromide tracer will be injected during the first 10 days of system operation 

to provide a means of assessing the hydraulic hydrjfolic coverage of the injection system.

Description of the Aerobic Biodegradation Remediation System: In-situ aerobic 

biodegradation is a technology in which indigenous bacteria degrade organic constituents 

found in soil and ground water. Implementing the aerobic biodegradation technology for 

treating VOCs of interest in the Dry Well area involves mixing and supplying the 

necessary oxygen, nutrients, organic substrates, and/or electron acceptors through 

injection into the proposed injection well network. The injected mixture will stimulate 

the growth of indigenous bacteria that successfully degraded the VOCs of interest during 

the pilot scale test of this technology. This process accelerates the rate of 

biotransformation and biodegradation of the VOCs to innocuous by-products (i.e. carbon 

dioxide, chloride ion, and biomass).

The injectate will contain an oxygen-releasing compound (e.g. hydrogen 

peroxide), nutrients, and methane. The then concentrations of hydrogen peroxide will 

range from 100 mg/1 at system startup to as high as 800 mg/1 during full system 

operation. The hydrogen peroxide used will be at a 35% concentration. The nutrients 

will consist of ammonium nitrate in a concentration of approximately 50mg/l and 

potassium phosphate in a concentration of approximately 5 mg/1. Methane gas will be 

added to the injection stream near the end of the system startup period. A rate of 

approximately 0.39 cubic inches of methane per gallon of injected water will be 

controlled with a pressure regulator and valves. This rate results in a methane 

concentration of 1.14 mg/1 at a pressure of 14.7 psi and 60 degrees Fahrenheit.

Treatment Startup Approach: The treatment system will be implemented in a phased 

approach in both the upper and lower zone as follows:

First 2 weeks: Process water with inorganic nutrients including ammonium nitrate at 50 

mg/1 and potassium phosphate at 5 mg/1 will be injected into the injection wells. 

Potassium bromide will be added to this mixture and injected at a concentration of 100 

mg/1.
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Weeks 2 through 4: Oxygen will be introduced into the injection wells via the addition 

of hydrogen peroxide (at an initial concentration of 100 mg/1) to the process water 

supplemented with inorganic nutrients. During this period, oxygen and phosphate levels 

will be monitored. The concentrations of the hydrogen peroxide will be slowly increased 

from the initial concentration of 100 mg/1 to a maximum concentration of 800 mg/1.

After 4 weeks: Methane (at 1.14 mg/1) will be added to the oxygenated process with 

inorganic nutrients. Injection flow rates will also be increased slowly from an initial rate 

of 0.05 gpm to 0.10 gpm, or until the injection remains below 30 psi. This phased 

approach will assure that the methane front will not ravel further that the oxygen and 

nutrient front, hence optimizing bacterial populations prior to the injection of methane 

and, therefore, optimizing methane utilization in the treatment area. These proposed time 

frames are subject to the amendment travel time, therefore, the durations are estimates 

that may vary on the basis of actual field conditions.

Monitoring Strategy: A ground water monitoring program will be implemented as part 

of the presumptive remedy to track the degradation of VOCs in the ground water in the 

Dry Well area. In general, ground water monitoring will include collection of water level 

measurements, collection of field parameters and ground water samples from a total of 30 

upper and lower zone monitoring wells in the Dry Well area (Figures 3.1 and 3.2), and 

analysis of the samples for biological parameters and VOCs.

Stage 1 - Baseline Monitoring: This stage will be conducted subsequent to the pilot-scale 

system shutdown and prior to full scale treatment system startup and will consist of a 

baseline sampling event to document and establish initial subsurface biological and 

hydrologic conditions in both the upper and lower zones of the Dry Well Plume Area. 

Ground water sampling and analyses for chemical and biological parameters, and VOCs 

will be conducted in accordance with the schedule presented in Table A3. Ground water 

samples will be analyzed for the following field parameters, chemical and biological 

parameters, and VOCs:

1. pH, conductivity, temperature, oxidation/reduction potential (ORP), dissolved 

oxygen (DO), phosphate, and carbon dioxide;

2. methane, nitrate, chemical oxygen demand (COD), and total organic carbon 

(TOC); and

3. VOCs.

Ground water samples will be collected from the monitoring well network presented in 

Table A3. After the analytical data are reviewed, the baseline of chemical and VOC 

concentrations for the individual injection and monitoring wells can be established.

These data will provide the basis for comparison of operational monitoring data.

Stage 2 - Operational Monitoring: Monitoring activities will be initiated subsequent to 

the startup of the treatment system and will continue through the life of the treatment
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Weeks 2 through 4: Oxygen will be introduced into the injection wells via the addition 
of hydrogen peroxide (at an initial concentration of 100 mg/I) to the process water 
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nutrient front, hence optimizing bacterial populations prior to the injection of methane 
and, therefore, optimizing methane utilization in the treatment area. These proposed time 
frames are subject to the amendment travel time, therefore, the durations are estimates 
that may vary on the basis of actual field conditions. 

Monitoring Strategy: A ground water monitoring program will be implemented as part 
of the presumptive remedy to track the degradation ofVOCs in the ground water in the 
Dry Well area. In general, ground water monitoring will include collection of water level 
measurements, collection of field parameters and ground water samples from a total of 30 
upper and lower zone monitoring wells in the Dry Well area (Figures 3.1 and 3.2), and 
analysis of the samples for biological parameters and VOCs. 

Stage 1 - Baseline Monitoring: This stage will be conducted subsequent to the pilot-scale 
system shutdown and prior to full scale treatment system startup and will consist of a 
baseline sampling event to document and establish initial subsurface biological and 
hydrologic conditions in both the upper and lower zones of the Dry Well Plume Area. 
Ground water sampling and analyses for chemical and biological parameters, and VOCs 
will be conducted in accordance with the schedule presented in Table A3. Ground water 
samples will be analyzed for the following field parameters, chemical and biological 
parameters, and VOCs: 

1. pH, conductivity, temperature, oxidation/reduction potential (ORP), dissolved 
oxygen (DO), phosphate, and carbon dioxide; 

2. methane, nitrate, chemical oxygen demand (COD), and total organic carbon 
(TOC); and 

3. voes. 

Ground water samples will be collected from the monitoring well network presented in 
Table A3. After the analytical data are reviewed, the baseline of chemical and VOC 
concentrations for the individual injection and monitoring wells can be established. 
These data will provide the basis for comparison of operational monitoring data. 

Stage 2 - Operational Monitoring: Monitoring activities will be initiated subsequent to 
the startup of the treatment system and will continue through the life of the treatment 
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system operations. As outlined in Table A3, the frequency of Stage 2 ground water 

monitoring events will decrease over time. Results from the more frequent initial Stage 2 

monitoring round will be used to evaluate how effective the treatment system injection 

well array is affecting biological activity and to monitor when chemical and biological 

indicators have achieved a sufficient level to sustain prolonged, uniform biodegradation 

in the Dry Well area. After the first 6 months of treatment system operation, scheduled 

monitoring activities will be used to monitor how the added nutrients and chemicals are 

affecting the degradation rates in the Dry Well area for the duration of the operational 

period. The schedule for conducting the State 2 monitoring activities is presented in 

Table A3. After system startup is complete, samples will be collected at 2, 4, and 8 

weeks of operation. Samples will then be collected at 3, 6, 9, and 12 months of 

operation. The frequency of ground water monitoring will be reduced to semi-annual 
events beginning in the 2nd year of system operation and extending through the end of the 

4th year (13 months through 48 months). Beyond the 4th year of operation, ground water 

monitoring well be schedule on an annual basis.

During the progression of treatment system operation and Stage operation ground 

water monitoring, a number of scenarios are possible with respect to ground water 

remediation.

1. Scenario 1 - The monitoring well network and treatment system data indicate that 

the system is effectively achieving the ground water remediation goals and 

operating as designed. Therefore, the treatment system operating procedures will 

not be modified and the system will continue to be operated and monitored 

following the schedule for Stage 2 monitoring as present in Table A3;

2. Scenario 2 — The monitoring well network and treatment system data indicated 

that remediation is on-track for achieving the ground water remediation goals in a 

timely manner if slight modifications to the existing treatment system operations 

are made. Therefore, the treatment system will be modified, as appropriate, and 

operated and monitored following the schedule for the Stage 2 monitoring as 

presented in Table A3; or

3. Scenario 3 - The monitoring well network and treatment system data indicate that 

the treatment system is not on-track with the anticipated remediation schedule. 

Therefore, a contingency plan and a revised monitoring plan may be required. If 

necessary, a contingency plan a revised monitoring program will be prepared and 

submitted to CDPHE for review and approval. Further discussion of possible 

system evaluation and optimization scenarios is included in Appendix A of the 

Draft Final Corrective Measures Work Plan.

Stage 3 - Post-operational monitoring. Stage 3 monitoring activities will commence 

after the Site-specific ground water remediation goals are met in the Dry Well area. And 

the treatment system is turned off. The monitoring activities will include measuring 

water levels and conducting ground water sampling and analyses for VOCs following the 

procedures described in Appendix A of the Draft Final Corrective Measures Work Plan. 

The post-operational monitoring activities will be conducted quarterly for 1 year. The 

monitoring well network, analytical program, frequency, and schedule for Stage 3 

monitoring are presented in Table A3. The State 3 monitoring activities will be used to
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system operations. As outlined in Table A3, the frequency of Stage 2 ground water 
monitoring events will decrease over time. Results from the more frequent initial Stage 2 
monitoring round will be used to evaluate how effective the treatment system injection 
well array is affecting biological activity and to monitor when chemical and biological 
indicators have achieved a sufficient level to sustain prolonged, uniform biodegradation 
in the Dry Well area. After the first 6 months of treatment system operation, scheduled 
monitoring activities will be used to monitor how the added nutrients and chemicals are 
affecting the degradation rates in the Dry Well area for the duration of the operational 
period. The schedule for conducting the State 2 monitoring activities is presented in 
Table A3. After system startup is complete, samples will be collected at 2, 4, and 8 
weeks of operation. Samples will then be collected at 3, 6, 9, and 12 months of 
operation. The frequency of ground water monitoring will be reduced to semi-annual 
events beginning in the 2nd year of system operation and extending through the end of the 
4th year (13 months through 48 months). Beyond the 4th year of operation, ground water 
monitoring well be schedule on an annual basis. 

During the progression of treatment system operation and Stage operation ground 
water monitoring, a number of scenarios are possible with respect to ground water 
remediation. 

1. Scenario 1 - The monitoring well network and treatment system data indicate that 
the system is effectively achieving the ground water remediation goals and 
operating as designed. Therefore, the treatment system operating procedures will 
not be modified and the system will continue to be operated and monitored 
following the schedule for Stage 2 monitoring as present in Table A3; 

2. Scenario 2 - The monitoring well network and treatment system data indicated 
that remediation is on-track for achieving the ground water remediation goals in a 
timely manner if slight modifications to the existing treatment system operations 
are made. Therefore, the treatment system will be modified, as appropriate, and 
operated and monitored following the schedule for the Stage 2 monitoring as 
presented in Table A3; or 

3. Scenario 3 - The monitoring well network and treatment system data indicate that 
the treatment system is not on-track with the anticipated remediation schedule. 
Therefore, a contingency plan and a revised monitoring plan may be required. If 
necessary, a contingency plan a revised monitoring program will be prepared and 
submitted to CDPHE for review and approval. Further discussion of possible 
system evaluation and optimization scenarios is included in Appendix A of the 
Draft Final Corrective Measures Work Plan. 

Stage 3 - Post-operational monitoring. Stage 3 monitoring activities will commence 
after the Site-specific ground water remediation goals are met in the Dry Well area. And 
the treatment system is turned off. The monitoring activities will include measuring 
water levels and conducting ground water sampling and analyses for VOCs following the 
procedures described in Appendix A of the Draft Final Corrective Measures Work Plan. 
The post-operational monitoring activities will be conducted quarterly for 1 year. The 
monitoring well network, analytical program, frequency, and schedule for Stage 3 
monitoring are presented in Table A3. The State 3 monitoring activities will be used to 
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assess whether the site-specific ground water remediation goals are maintained and the 

remedial action is complete. If ground water remediation goals set forth in Table 3.1 are 

not maintained during Post-operational monitoring (i.e. rebound in VOC concentrations), 

the treatment system may be pulsed (i.e. switched on and off) to reduce the rebound 

concentrations to below the site-specific ground water remediation goals.
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Table 1.1: Summary of Corrective Action Requirements for the Compliance Order on Consent
CDOT Region 6 Headquarters Facility

Compliance Order
on Consent ,
Reference CDPHE Action
Paragraph Report Submittal Date Date Comments

Paragraph 16 Final Site Investigation Report 

(Current Conditions Report)

June 30,1998 September 29, 1998 The CDPHE approval letter indicated that sufficient 

information was presented in the Final Site Investigation 

Report to move forward with the preparation of the Soil and 

Groundwater Characterization Plans. The letter noted that 

comments raised therein could be addressed in the requested 

work plans. Additional comments were issued by CDPHE on 

December 9, 1999.

Paragraphs 17 - 18 and 

20-21

Soil and Groundwater 

Characterization Plan

January 22, 1999 July 27, 1999 Two extensions for the submittal of the Plan were granted to 

afford CDOT and CDPHE an opportunity to reach agreement 

on proposed SROs for the Site prior to finalizing the work 

plan. The CDPHE approval letter included modifications 

which were incorporated into the implementation of the soil 

and groundwater characterization at the Site

Paragraphs 19 and 22 Implementation of SGC August 7, 1999 NA Implemented with modifications specified in the CDPHE 

approval letter for the SGCP.

Paragraph 26 Soil and Groundwater 

Characterization Report

November 24, 1999 April 27, 2000 On March 6, 2000, CDPHE issued comments on the Report 

requesting further information relative to soil and

groundwater conditions at the Site and the preparation of a 

supplemental work plan for additional investigation. CDOT 

provided responses to CDPHE’s initial comments on March 

28, 2000. Upon review of the responses, CDPHE issued a 

letter on April 27, 2000 with subsequent comments and a 

request for the preparation of a supplemental work plan for 

additional soil and groundwater characterization at the Site. 

On May 10, 2000, CDOT provided additional response to the 
CDPHE comments from their April 27th letter.
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Compliance Order 
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Reference 
Paragraph Report 

Paragraph 16 Final Site Investigation Report 
(Current Conditions Report) 

Paragraphs 17 - 18 and Soil and Groundwater 
20- 21 Characterization Plan 

Paragraphs 19 and 22 Implementation of SGC 

Paragraph 26 Soil and Groundwater 
Characterization Report 
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Submittal Date 

June 30, 1998 

· January 22, 1999 

August 7, 1999 

November 24, 1999 

CDPHE Action 
D• ~mm~h 

September 29, 1998 The CDPHE approval letter indicated that sufficient 
information was presented in the Final Site Investigation 
Report to move forward with the preparation of the Soil and 
Groundwater Characterization Plans. The letter noted that 
comments raised therein could be addressed in the requested 
work plans. Additional comments were issued by CDPHE on 
December 9, 1999. 

July 27, 1999 

NA 

April 27, 2000 

Two extensions for the submittal of the Plan were granted to 
afford CDOT and CDPHE an opportunity to reach agreement 
on proposed SROs for the.Site prior to finalizing the work 
plan. The CDPHE approval letter included modifications 
which were incorporated into the implementation of the soil 
and groundwater characterization at the Site 

Implemented with modifications specified in the CDPHE 
approval letter for the SGCP. 

On March 6, 2000, CDPHE issued comments on the Report 
requesting further information relative to soil and 
groundwater conditions at the Site and the preparation of a 
supplemental work plan for additional investigation. CDOT 
provided responses to CDPHE's initial comments on March 
28, 2000. Upon review of the responses, CDPHE issued a 
letter on April 27, 2000 with subsequent comments and a 
request for the preparation of a supplemental work plan for 
additional soil and groundwater characterization at the Site. · 
On May 10, 2000, CDOT provided additional response to the 
CDPHE comments from their April 27th letter. 
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Table 1.1: Summary of Corrective Action Requirements for the Compliance Order on Consent
COOT Region 6 Headquarters Facility

Compliance Order
on Consent
Reference CDPHE Action
Paragraph Report Submittal Date Date Comments

Paragraphs 27 and 28 Additional Soil and 

Groundwater Characterization 

Plan

May 9, 2000 May 24,2000 Verbal approval by CDPHE with modifications received on 

May 16,2000

Paragraph 29 Implementation of Additional 

SGC

May 16,2000 NA Implemented with modifications specified in the CDPHE 

approval letter for the Additional SGCP

Paragraph 30 Soil and Groundwater 

Characterization Report 

Addendum

July 13,2000 September 27, 2000 The approval letter directed CDOT to prepare a Corrective 

Measures Work Plan to address groundwater contamination 

associated with the Dry Well area and to incorporate 

institutional controls at the Site to address sporadic detections 

of metals in soil that exceed unrestricted land use values.

Paragraph 31 Draft Final Corrective

Measures Work Plan

December 22,2000 April 18, 2001 CDPHE issued a disapproval letter with comments. At a May 

1, 2001 meeting with CDPHE, CDOT proposed to submit a 

revised CMWP with a presumptive remedy for the Site. 

CDOT then provided responses to CDPHE’s comments on 

May 18, 2001. Upon review of the responses, CDPHE issued 

an approval with clarifications of the CDOT response to 

comments on June 8,2001. The June 8, 2001 letter requested 

a revised CMWP to be submitted within 30 days.
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Addendum 

Paragraph 31 Draft Final Corrective 
Measures Work Plan 

42708 24.2 
01/23/02.P 

CDPHE Action 
Submittal Date Date Comments 

May 9, 2000 May 24, 2000 Verbal approval by CDPHE with modifications received on 
May 16,2000 

May 16, 2000 NA Implemented with modifications specified in the CDPHE 
approval letter for the Additional SGCP 

July 13, 2000 September 27, 2000 The approval letter directed COOT to prepare a Corrective 
Measures Work Plan to address groundwater contamination 
associated with the Dry Well area and to incorporate 
institutional controls at the Site to address sporadic detections 
of metals in soil that exceed unrestricted land use values. 

December 22, 2000 April 18, 2001 CDPHE issued a disapproval letter with comments. At a May 
1, 2001 meeting with CDPHE, COOT proposed to submit a 
revised CMWP with a presumptive remedy for the Site. 
COOT then provided responses to CDPHE's comments on 
May 18, 2001. Upon review of the responses, CDPHE issued 
an approval with clarifications of the COOT response to 
comments on June 8, 2001. The June 8, 200 I letter requested 
a revised CMWP to be submitted within 30 days. 
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Table 1.1: Summary of Corrective Action Requirements for the Compliance Order on Consent

CDOT Region 6 Headquarters Facility

Compliance Order
on Consent
Reference CDPHE Action
Paragraph Report Submittal Date Date Comments

Paragraph 31 

(continued)

Final Corrective Measures 

Work Plan

July 12, 2001

August 28,2001

December 18, 2001

January 24, 2002

August 16, 2001

December 4, 2001

CDPHE issued an acceptance letter with modifications 

requesting replacement pages to be submitted within 14 days. 

CDOT submitted replacement pages on August 28, 2001. 

Following the subsequent 30-day public comment period, 

CDPHE issued a response to public comments to CDOT in a 

letter dated December 4, 2001 requesting a response within 30 

days. CDOT submitted a response on December 18, 2001 

accepting the final CDPHE conditions and included 

replacement Figures 3.1 and 3.2. On January 11,2002,

CDOT and CDPHE met to resolve the incorporation of a 

bromide tracer study into the CMWP. The replacement pages 

incorporating the bromide tracer study were issued by CDOT 

on January 24, 2002.

Paragraph 35

Paragraph 54 -

Additional

Requirements

Monthly Status Reports

Interim Measures:

Work Plan - Phase I

15th day of each 

month

November 2, 1998

On going

November 27, 1998

CDOT has submitted the monthly reports as required by the 

Compliance Order

CDOT requested voluntary interim measures to expedite the 

soil and groundwater investigation of the Dry Well area. 

CDPHE approved the proposed activities with conditions that 

subsequent phases would be successively implemented as 

deemed necessary by assessment of data by CDPHE and 

CDOT

Phase I Implementation December 1998 to 

January 1999

NA

Preliminary Letter Report March 9, 1999 NA Presentation of preliminary results from Phase I pending 

completion of additional IM characterization of the Dry Well 

area.

Phase II Implementation March 1999 NA

42708 24.2
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Table 1.1: Summary of Corrective Action Requirements for the Compliance Order on Consent 
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Compliance Order 
on Consent 
Reference 
Paragraph 

Paragraph 31 
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Paragraph 35 

Paragraph 54 -
Additional 
Requirements 

42708 24.2 
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Report 

Final Corrective Measures 
Work Plan 

Monthly Status Reports 

· Interim Measures: 
Work Plan - Phase I 

Phase I Implementation 

Preliminary Letter Report 

Phase II Implementation 

Submittal Date 

July 12, 2001 

August 28, 2001 

December 18, 2001 

January 24, 2002 

15th day of each 
month 

November 2, 1998 

December 1998 to 
January 1999 

March 9, 1999 

March 1999 

CDPHE Action 
Date Comments 

August 16, 2001 CDPHE issued an acceptance letter with modifications 
requesting replacement pages to be submitted within 14 days. 
COOT submitted replacement pages on August 28, 2001. 
Following the subsequent 30-day public comment period, 

December 4, 2001 CDPHE issued a response to public comments to COOT in a 
letter dated December 4, 2001 requesting a response within 30 
days. COOT submitted a response on December 18, 2001 
accepting the final CDPHE conditions and included 
replacement Figures 3.1 and 3.2. On January 11, 2002, 
COOT and CDPHE met to resolve the incorporation of a 
bromide tracer study into the CMWP. The replacement pages 
incorporating the bromide tracer study were issued by COOT 
on January 24, 2002. 

On going COOT has submitted the monthly reports as required by the 
Compliance Order 
COOT requested voluntary interim measures to expedite the 

November 27, 1998 · soil and groundwater investigation of the Dry Well area. 

NA 

NA 

NA 

CDPHE approved the proposed activities with conditions that 
subsequent phases would be successively implemented as 
deemed necessary by assessment of data by CDPHE and 
COOT 

Presentation of preliminary results from Phase I pending 
completion of additional IM characterization of the Dry Well 
area. 
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Table 1.1: Summary of Corrective Action Requirements for the Compliance Order on Consent
COOT Region 6 Headquarters Facility

Compliance Order
on Consent 
Reference CDPHE Action
Paragraph Report Submittal Date Date Comments

Paragraph 54 

(continued)

Phase III Implementation May - July 1999 NA

Final Interim Measures Report October 22, 1999 February 1, 2000 CDPHE reviewed the report and subsequently issued 

comments in a letter. Additional information was provided to 

CDPHE in response to their comments with a letter dated 

February 29, 2000.

Biodegradation Pilot-scale October 6, 1999 NA As a conclusion to the interim measures for the Dry Well

Test: Area, CDOT proposed to implement a pilot-scale test for 

assessing the practicality and effectiveness of enhanced 

aerobic biodegradation for the reduction of VOCs in 

groundwater.

Biodegradation Pilot-scale 

Injection Testing Work Plan

November 16, 1999 NA

Biodegradation Pilot-scale January 31, 2000- NA

Test Implementation May 4, 2001

Biodegradation Pilot-scale

Test Assessment Report

September 20, 2000 NA

Public Comment Period and September 18 - NA CDPHE directed that a public comment period for the Final

Public Meeting October 18, 2001 CMWP be held. As part of the public comment period,

CDOT held a public information meeting on September 26, 

2001 to discuss the presumptive remedy with neighboring 

citizens.
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Report 

Phase III Implementation 

Final Interim Measures Report 

Biodegradation Pilot-scale 
Test: 

Biodegradation Pilot-scale 
Injection Testing Work Plan 

Biodegradatiori Pilot-scale 
Test Implementation 

Biodegradation Pilot-scale 
Test Assessment Report 

Public Comment Period and 
Public Meeting 

Submittal Date 

May - July 1999 

October 22, 1999 

October 6, 1999 

November 16, 1999 

January 31, 2000 -
May 4, 2001 

September 20, 2000 

September 18 -
October 18, 2001 

CDPHE Action 
Date Comments 

NA 

February 1, 2000 CDPHE reviewed the report and subsequently issued 
comments in a letter. Additional information was provided to 
CDPHE in response to their comments with a letter dated 
February 29, 2000. 

• 

NA As a conclusion to the interim measures for the Dry Well 
Area, CDOT proposed to implement a pilot-scale test for 
assessing the practicality and effectiveness of enhanced 
aerobic biodegradation for the reduction ofVOCs in 
groundwater. 

NA 

NA 

NA 

NA CDPHE directed that a public comment period for the Final 
CMWP be held. As part of the public comment period, 
CDOT held a public information meeting on September 26, 
200 I to discuss the presumptive remedy with neighboring 
citizens. 
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Table 3.1: Groundwater Remediation Goals 

CDOT Region 6 Headquarters Facility

Analvte Name

National Primary 

Drinking Water 

Standard (MCL)* *

State Groundwater 
Quality Standard*

Site-specific 

Groundwater 

Remediation Goal

Volatile Organic Compounds (pg/1) 

1,1,1 -Trichloroethane 200 200 200

1,1,2-Trichloroethane 5 3 3

1,1 -Dichloroethane NA - NA NA

1,1-Dichloroethene 7 7 7

1,2-Dichloroethane 5 0.4 0.4

cis-1,2-Dichloroethene 70 70 70

trans-1,2-Dichloroethene 100 100 100

Carbon tetrachloride 5 0.3 0.3

Chloroethane NA NA NA

Chloroform 80 6 6

Methylene chloride 5 5 5

T etrachloroethene 5 5 j

Trichloroethene 5 5 5

Vinyl chloride 2 2 2

Concentrations listed above are in micrograms per liter.

MCL Maximum contaminant level

NA Not available, no regulatory standard established

* The National Primary Drinking Water Standards are identified from the “Drinking Water Regulations and 

Health Advisories” by the Office of Water - U. S. Environmental Protection Agency, EPA 810-F-94-001, 

December 1999.

The State Groundwater Quality Standards are identified in the Colorado Department of Public Health Water 

Quality Control Commission - “Regulation No. 41 -Basic Standards for Groundwater (41.5B).
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Table 3.1: Groundwater Remediation Goals 

COOT Region 6 .Headquarters Facility 

Analyte Name 

Volatile Organic Compounds (µg/1) 
1, 1, 1-Trichloroethane 
1, 1,2-T richloroethane 
1, J -Dichloroethane 
1, 1-Dichloroethene 
1,2-Dichloroethane 
cis-1,2-Dichloroethene 
trans-1,2-Dichloroethene 
Carbon tetrachloride 
Chloroethane 
Chloroform 
Methylene chloride 
Tetrachloroethene 
Trichloroethene 
Vinyl chloride 

National Primary 
Drinking Water 

Standard (MCL)* 

·200 
5 

NA 
7 
5 

70 
100 
5 

NA 
80 
5 
5 
5 
2 

· Concentrations listed above are in micrograms per liter. 

MCL Maximum contaminant level . 

NA Not available, no regulatory standard established 

State Groundwater 
Quality Standard# 

200 
3 

NA 
7 

0.4 
70 
100 
0.3 
NA 

6 
5 
5 
5 
2 

Site-specific 
Groundwater 

Remediation Goal 

200 
3 

NA 
7 

0.4 
70 
100 
0.3 
NA 

6 
5 
5 
5 
2 

* The National Primary Drinking Water Standards are identified from the "Drinking Water Regulations and 

Health Advisories" by the Office of Water- U.S. Environmental Protection Agency, EPA 810~F-94-001, 

December 1999 .. 

# The State Groundwater Quality Standards are identified in the Colorado Department of Public Health- Water 

Quality Control Commission - "Regulation No. 41 -Basic Standards for Groundwater" (41.5B) . 
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Table 4.1: Construction Details for New Monitoring and Injection Wells

Presumptive Remedy 

CDOT Region 6 Headquarters Facility

Well ID

Well

Type

Well

Depth

(feet)

Well

Diameter

(inches)

Estimated 

Depth to 

Bedrock 

(feet bgs)

Cement- 

Bentonite Grout 

Thickness 

(feet)

Sand Pack 

Thickness 

(feet)

Bentonite

Seal

Thickness

(feet)

Screen 

Interval 

(feet bgs)

Screen

Length

(feet)

Well Screen 

Material

Well Casing 

Material

C-IW2A Injection 32 2 17 21 7 4 27-32 5 SS SS/PVC

C-IW3A Injection 32 2 14 22 7 3 27-32 5 SS SS/PVC

C-MW32A

C-IW3B

Monitoring

Injection

30

56

2

2

14

14

14

3

12

21

4

2

20-30

36-56

10

20

SS

SS SS/PVC

C-IW4A

C-IW4B

Injection

Injection

30

55

2

2

14

14

15

2

12

21

3

2

20-30

35-55

10

20

SS

SS

SS/PVC

SS/PVC

C-IW5A Injection 30 2 14 15 12 3 20-30 10 SS SS/PVC

C-IW6A

C-IW6B

Injection

Injection

30

58

2

2

16

16

19

4

7

21

4

3

25-30

38-58

5

20

SS

SS

SS/PVC

SS/PVC

C-IW7A

C-IW7B

Injection

Injection

30

56

2

2

15

15

14

3

12

21

4

2

20-30

36-56

10

20

SS

SS

SS/PVC

SS/PVC

C-IW8A Injection 30.5 2 12 19.5 7 4 25.5-30.5 5 SS SS/PVC

C-IW9A Injection 32 2 15 16 12 4 22-32 10 SS SS/PVC

C-IW10A

C-MW34B

Injection

Monitoring

30

56

2

2

14

14

14

3

12

21

4

2

20-30

36-56

10

20

SS

SS

SS/PVC

SS/PVC

C-MW31A

C-MW31B

Monitoring

Monitoring

30

58

2

2

15

15

19

4

7

21

4

3

25-30

38-58

5

20

PVC

SS

PVC

SS/PVC

1 of 2
42708 24.2

07/12/01 CMWP

• 

Well 
Well Depth 

Well ID Type (feet) 

C-IW2A Injection 32 

c:Iw3A · Injection 32 

C-MW32A Monitoring 30 

C-IW3B Injection 56 

C-IW4A Injection 30 
·c-IW4B Injection 55 

C-IWSA Injection 30 

C-IW6A Injection 30 

C-IW6B Injection 58 

C-IW7A Injection 30 

C-IW7B Injection 56 

C-IW8A Injection 30.5 

C-IW9A Injection 32 

C-IWl0A Injection 30 

C-MW34B Monitoring 56 

C-MW31A Monitoring 30 

C-MW31B Monitoring 58 

42708 24.2 
07/12/01 CMWP 

•• 
Table 4.1: Construction Details for New Monitoring and Injection Wells 

Presumptive Remedy 

COOT Region 6 Headquarters Facility 

Estimated Cement- Bentonite 

Well Depth t~ Bentonite Grout Sand Pack Seal Screen Screen 

Diameter Bedrock Thickness Thickness Thickness Interval. Length 

(inches) (feet bgs) (feet) (feet) (feet) (feet bgs) (feet) 

2 17 21 7 4 27-32 5 

2 14 22 7 3 27-32 5 

.2 14 14 12 4 20-30 10 

2 14 3 21 2 36-56 20 

2 14 15 12 3 20-30 10 

2 14 2 21 2 35-55 20 

2 14 is 12 3 20-30 10 

2 16 19 7 4 25-30 5 

2· 16 4 21 3 38-58 20 

2 15 14 12 4 20-30 10 

2 15 3 21 2 36-56 20 

2 12 19.5 7 4 25.5-30.5 5 

2 15 16 12 4 22-32 10 

2 14 14 12 4 20-30 10 

2 14 3 21 2 36-56 20 

2 15 19 7 4 25-30 5 

2 15 4 21 3 38-58 20 

• 

WelrScreen Well Casing 
Material Material 

ss SS/PVC 

ss SS/PVC 

ss 
ss SS/PVC 

ss SS/PVC 
ss SS/PVC 

ss SS/PVC 

ss SS/PVC 
ss SS/PVC 

ss SS/PVC 
ss SS/PVC 

ss SS/PVC 

ss SS/PVC 

ss SS/PVC 
ss SS/PVC 

PVC PVC 
ss SS/PVC 

1 of2 



Table 4.1: Construction Details for New Monitoring and Injection Wells

Presumptive Remedy 

CDOT Region 6 Headquarters Facility

Estimated Cement- Bentonite

Well ID

Well

Type

Well

Depth

(feet)

Well

Diameter

(inches)

Depth to 

Bedrock 

(feet bgs)

Bentonite Grout 

Thickness 

(feet)

Sand Pack 

Thickness 

(feet)

Seal

Thickness

(feet)

Screen 

Interval 

(feet bgs)

Screen

Length

(feet)

Well Screen 

Material

Well Casing 

Material

C-MW33A Monitoring 29 2 19 18 7 4 24-29 5 PVC PVC

C-MW34A Monitoring 31 2 13 15 7 4 26-31 5 SS SS/PVC

C-MW35A Monitoring 30 2 15 19 7 4 25-30 5 SS SS/PVC

C-MW35B Monitoring 58 2 15 4 21 3 38-58 20 SS SS/PVC

C-MW36A Monitoring 31 2 15 20 7 4 26-31 5 PVC PVC

An 'A' in the Well ID denotes an upper zone well completion 

A 'B' in the Well ID denotes an lower zone well completion

amsl Above mean sea level

bgs Below ground surface

PVC Polyvinyl chloride

SS Stainless steel

42708 24.2

07/12/01 CM
2 of 2

Well 
Well Depth 

Well ID Type (feet) 

C-MW33A Monitoring 29 

C-MW34A Monitoring 31 

C-MW35A Monitoring 30 
C-MW35B Monitoring 58 

C-MW36A Monitoring 31 

Table 4.1: Construction Det~lls for New Monitoring and Injection Wells 
Presumptive Remedy 

CDOT Region 6 Headquarters Facility 

Estimated Cement- Bentonite 
Well Depth to Bentonite Grout Sand Pack Seal Screen Screen 

Diameter Bedrock Thickness Thickness Thickness Interval Length 
(inches) (feet bgs) (feet) (feet) (feet) (feet bgs) (feet) 

2 19 18 7 4 24-29 5 

2 13 15 7 4 26-31 5 

2 15 19 7 4 25-30 5 
2 15 4 21 J 38-58 20 

2 15 20 7 4 26-31 5 

An 'A' in the Well ID denotes an upper zone well completion 
A 'B' in the Well ID denotes an lower zone well completion 

amsl Above mean sea level 
bgs Below ground surface 
PVC Polyvinyl chloride 
SS Stainless steel 

42708 24.2 
07/12/01 CM. • 

Well Screen Well Casing 
Material Material 

PVC PVC 

ss SS/PVC 

ss SS/PVC 
ss SS/PVC 

PVC PVC 

2of2 

• 
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auSH GRADE INSULATED STEEL ACCESS 
HATCH NFC HORSTS INDUSTRIES. INC.
OR ENGINEER NNNKMD SUBSTITUTE

• SACKFUL UATERML 
EXISTMC EXCAVATED SUBSOIL MATERIAL 
FREE OF PERISHABLE MATERIAL. ROOTS, 
ORGAN® MATTER. TRASH. OCBRK. AND 
ROCKS OR LUMPS LARGER THAN 4-INCH 
H GREATEST EXMENSOH 

SANO BEDOINC MATERIAL MEETWG THE 
FOLLOWING GRADATION REQUIREMENTS 
ACCOROINC TO ASTM 0422:

aiyLSgt PERCENT PASStNC 
3/8 IN. 100

1/2* TEFLON TVJ0MG —

■ 3-1' ■ — -

— 12* —

\

•>< "x \ 'v|
PRESSURE MOnATOR

1
4?

\

\

24*

— 1/4* VALUED
QUICK OISCONNECT

V
\ ■•4\

INJECTION WELL VAULT 
PIPING PLAN

NOTE: INSTATED ACCESS HATCH ANO 
WELL COMPLETION OMITTED FOR
cuwmr (see specs]

INJECTION/MONITORING WELL AND CONSTRUCTION TABLE

WEU.
NUMBER

NORTHMC EASTHC SURFACE
ELEVATION'

WATER
ELEVATION*

:feet amsl>

OEPTH TO 
BEDROCK1 

TFEFT BCS

APPROX. OEPTH 
OF SURFACE 

CASTMC
CEMEMT-

BCNTOMTE GROUT
FEET OF 

SANO PACK

FEET V ' 
BENTONRE 

PELLET SEAL

scttbt
INTERVAL

SdfeW
LENCTH SAND PACK 

MATERML

•gam \*jj\
SIZE

TOVaL—
DEPTH

C-IW1A 1.473.443 3.142.934 34574 3439.0 1B4 . NA 9 104 14.43-29.00 14.01 10-30 042 294
C-IW2A 1.473.444 3.142.941 3437.0 54344 17 NA 21 7 4 27-32 3 10-30 042 32
C—<W3A 1.473.431 3.143.024 3434.0 3437.0 I* NA 22 7 27-32 3 10-30 0.02 32
C-IW5A 1,473,489 3.143.049 34344 3433.0 14 NA 13 12 20-X 10 10-30 042 X
C-IW8A 1.473,437 3.143.044 34344 34334 12 NA 194 7 234-304 3 10-30 042 304
C-IW8A 1.473,443 3,143.089 34344 34334 15 NA 16 12 22-32 10 10-X 042 32
C-MW23 1.473.443 3.143.033 34354 3434.0 124 NA 22 74 3 27.4-32 4.0 10-30 0.02 33
C-WW20S 1.473.443 3.142.954 3*374 . 34404 17 NA 144 124 2 22.7-32 94 10-X 042 37
C-IW28 1.473,441 3.142.993 34344 34X.0 134 314 20 224 4 344-344 20 te-x 042 344
C-MW3SA 1.473.333 3.163,043 54544 34344 19 NA 10 7 4 24-29 3 10-X 0.02 29
C-MW34A 1.473.438 3.143,004 34344 3435.1 • 13 NA 13 7 4 20-31 L s 10-X 0.02 31
C-MW3&A 1.873,434 3.143,012 34304 5*374 IS. NA 20 7 4 20-31 3 10-X 042 31
C-MW1BS 1.473,489 3.143.039 34344 34294 1* NA 33 144 ♦ - 41.3-304 13 10-X 042 014
C-08S1A 1.473.433 3.143,032 3433.3 3*37.1 124 NA 20 7 3 2S4-X.3 3 10-X 0.02 32
C-WW2IS 1,473,440 3.143,090 3434.7 3433.1 13.4 NA 14 124 3 20-29.4 10 to-30 0.02 304
C-MW2I0 1.473.441 3.143,093 34344 34X.7 13.4 35 334 19 2 42.7-37 13 10-X 0.02 97.0

NOTES:

i c-”’°«

3. WATER-LEVEL ELEVATION ESTIMATED FROM AUGUST. 2000 WATER-TABLE MAP.
NA NOTTAPF?lo!at>CK EST1I“TED FTO" 0EDROO< ELEVATION MAP ANO ESTIMATED CROUP® SURFACE.

PROPOSED.

SAND PACK MATERIALS SCHEDULE

SANO PACK
OOCLEBAT NORTON f 14-30

U.S. SIEVE PERCENT PASSING
NO. BY WEIGHT

12 100
10 M.« '
20 33.2
X 4.4
40 1.1

su
PROJECT NO:

42708.24.1
ENGINEER:

JKW K»
CHECKED: ‘prma* AYD

T/izJoi "m: TTiiito,

CDOT RECKON 6 HEADQUARTERS 

B’o DEGRADATION 
INJECTION SYSTEM 

DENnjER, COLORADO

SINGLE COMPLETION 
INJECTION/MONITORING WELLS 

AND VAULTS

c 

_. ... ,...., ... ... 

_. ... 
'"""" ... _,,.. ,_, ... ... 

rlUSH GRMl£ IHSUl.ATED srm. MX:ESS 
KATO, M.F'C MORRIS INDUSTRIES, INC. 
0A OIGIMEDt ~ SU8S1TIVTE 

c----i-- """'1U. .. ,__ 
EXISTINC fXCAVATm Sl.8SOIL MAlERIAl. 
nm: Of PERISHMILE MAT[RW.,, ROOTS, 
ORCANC MAT'TtR. TRASH. DEBRIS. ANO 
ROCKS OR LUMPS lARO£R llw. +-INCH 
lit CR£AT[Sl OIMENSEN 

SIN> BEDOINC MATERIAL MEETJ«. Tl£ 
F1lU.OWINCCRAOlllONROOUR£U£NTS 
MXOROING TO ASTM 0422: 

'm-F 
NO. 4 
N0.40 

NO. 100 
NO, 200 

erscnv~ 
90 TO 100 
10 TO 40 
l TO IS 
o ro 7 

r. 4•, OR•• ID 0UIER Po«:~ 

"""" 

U.S....,. 
sac .,__ .... ..... ...... 

r.PERCENT MSSINC 

"'"""" , .. 
lOT010D 
10 TO to 
10 TO l5 

ATn:RSCRC UIIITS 
P1 .. 10POICCNTIMXIIIR.III 
U.•40 PERCENT IMXlllilUM 

1, Stt CAOUNOIIATDI l'UEC1lON IIIEU... VU..T 
l'IPWIIC P\.,lN Ttn OWG f'Oft OETAIUD LAYOVT • 
0/F Wil.l.T IN1Dll0'I AND 1IEll HDO C0MPl£TDI. 

:Z. SEI 0-. M-1 NG P-1 FOR PANG ........ 

C-IWIA 1,tl7J,443 J..1tl2.I~ 

C-"'2A 1,UJ,444 J, 182,181 

C-nr.lA 1,UJ,4411 J,16J,Olt 

C-IMIA 1,07l,U7 3,113.0lfl 

C-JWDA 1,tl7l,4&l l,163,oet 

C-MW23 1,1!7J,~ J.,163,0!U 

C-WW20S 1,fl7J,"3 3,Hl2.I~ 

C-"'28 1,173,441 J.1112.HJ 

c--~ ,.uJ~ J,16J.~ 

C-MW34A 1,t73,4l8 J, 163,0114 

C-MW.)M 1,117J,4le J,163,012 

C-MWIISS 1,07J,4M l,163,09 

C-0BS1A 1 ,1173,4~ J, HIJ,°" 

C-W21S 1,lli7l,4e0 J,163,090 

C-MWZIO 1,tl7J,4t1 l, 16J,°" 

"""" 

su..-,a: 

"""'"""' 
$457.J 

$457.0 

..... 0 ...... ...... ...... 

.... 2 

!M.57.J. ...... 
,-2 ...... 
$4:loCI.II ...... 
~, 
....., ...... 

I 
I 

. J. 

INJECTION WELL VAULT 
EIP!NG PLAN 

NOT£: lfG.UTED ACCDS HAT0i #fO 
waJ.cowP\.£TlONOtilmO>F011 
ClMfTT (m: 5Pl'CS) 

INJECTION/MONITORING WELL ANO CONSTRUCTION TABL£ 

~~I = APPROX. OEl'Tl-t >>.ITO.-
,mo, BCl<rONTE Of su..-,a CElilOfT-

""""' 
,.,,,.,..,......,. ...., . ..,. PEU£T S£AL 

""""' •~aos 
..... 0 I ... "' 10.5 

"4J8.2 17 " !IQ7D "' 22 

...,._o ,. 
"' " " =~ .... ....... " "' " " ..... 0 12.l "' 22 ,., 

....., 17 "' .. .. .. .. 

......o I ... "~ .. 22.5 

""~ " " ...,._, 
" "' " '4372 I~ "' " -~ ,. 

"' " I ... •· 
5437.1 12..) "' " ...,._, 11, "' ,. .... 
""·' 114 " ,., .. " 

.~ iDoci>t -- -.,.=• ..,.,. 
,rn- IICS ~- '"'"""' _, - ... 
4.46-2!il.CN 14.111 1 ... ,,, 0.02 .... 

27-32 1 ... ,,, 0.02 " 27-32 1 ... ,,, 0.m " 20-lO 10 1 ... lO 0.m "' 
~~-~ 1 ... ,,, 0.02 ,,, .. 

22-32 10 16-JO 0.02 " 27.4-32 ... 10-lO 0.m 3J 

22.7-32 ,., 10-lO 0.02 37 

34.l-~l 20 1 ... ,,, 0m .... 
24-21 1 ... ,,, ~m " 26-ll 1 ... JO 0.m " 20-31 11-lO 0.02 " 41.~M.5 ,, 10-lO o.m .... 

25.8-30.5 10-lO 0.02 32 

20-21.4 10 10-30 ~02 "'-' 
42.7-57 " 10-lO ~02 57.t 

1. WCU.S C-IWtA, C-WW2J, C-IIW20S, C-IW28. C-IMIIS, C-<BSIA, C-IM21S. MD C-MW210 ME EJaS1ING WEU.S. OTHER WEU.S M£ PflCIPOSEO, 

2" ST...aBS srm.· 
"""""'"""""c,,, 

~JECTION WELL AND VAULT PIPING SECTION@ 

~CTNO: 

. .,, 

2. CROONO SURF"AC[ ['STJ.._.Tm FROII HURB"I' WEUS. 
l. WAITR-l.E'o'EL 0£VATION ESTJw,.Tro mow AUGUST, 2000 W.TDI-TA&.E MAP. 
4. DEPTH TO BEDROCK ESTIWATID FltOM 8EDROQ( El.£VATIOH lriW' ANO ESTllilATllJ OROI.M) SUFMX. 
NA ,or """""""-

SANO PACK MATIERIALS SCHEDULE 

U.S.SIM 
NO . 

" " 20 

l'J 

--.,,....., 
'"' "·' "·' ... 

I.I 

COOT RE(\ON 6 HEADQUART£RS 
e:~DEGRADATION 

INJl,CTION SYS1£M 
DEN~'ER. COLORADO 

CNI. ' 

SINGLE COMPLETION 
INJECTION/MONrTORING waLS 

AND VAULTS 



10/6/£

INSULATED STEEL ACCESS HATCH
MFC FLUSH CRAOE MORRIS MKiSTRCS. «C.
OR ENGMEER APPRWED SUBSTITUTE

- BACKFILL MATERIAL 
EXISTING EXCAVATED SUBSOIL MATERIAL 
FREE OF PERISHABLE MATERIAL. ROOTS. 
ORGANIC MATTER. TRASH. DEBRIS. ANO 
ROCKS OR LUMPS LARCER THAN 4-INCH 
M GREATEST DIMENSION

DUAL COMPLETION INJECTION/MONITORING WELL AND CONSTRUCTION TABLE

WELL
NUMBER

NORTHING CASTING
GROUNO
SURFACE
ELEVATION’

WATER 
ELEVATION1 

FFFFT AMSl 1

APPROX. 
OEFTM TO 
BEDROCK* 

fFEET 90S)

OF SURFACE 
CASTING

Feet OF 
CEMENT- 

BENTONITE CROUT
FEET OF 

SAND PACK

ren of
BENTON rtE 

PELLET SEAL

SCREEN
INTERVAL

fFEET SCSI

SCREEN
LENGTH SAND PACK 

MATERIAL

SCREEN SLOT 
SITE

WVal
OCPTH

C-IW4A 1.673.507 3.163,062 5454.5 5435.3 14 NA 15 12 3 20-30 10 16-30 0.02 30
C-IW48 5429.0 14 NA 2 21 2 35-55 20 16-30 0.02 55

C—IW6A 1,673.506 3,163,095 5454.5 5432.5 16 NA 19 7 25-30 5 16-30 0.02 30
c-rwes 5429.0 16 NA 4 21 3 36-56 20 16-30 0.02 56

C-NF7A 1,673,463 3.163,094 5454.5 5432.5 15 NA 14 12 4 20-30 10 16-30 0.02 30
C-IW7B 5429.0 IS NA 3 21 2 36-56 20 16-30 . 0.02 56

C-IW10A 1.673,461 3.163.050 5454.5 5434.5 14 NA 14 12 20-30 10 16-30 0.02 30
C-MW34B 5429.6 14 NA 3 21 36-56 20 16-30 0.02 56

C-MW3TA 1.673.466 3.163,026 5454.5 5432.5 IS NA 19 7 25-30 S 16-30 0.02 30
C-MW318 5429.0 15 NA 4 21 36-58 20 16-30 • 0.02 58

C-MW32A 1.673.501 3.163.112 5455.0 5436.2 14 NA 14 12 20-30 10 16-30 0.02 30
C-IW3B 5436.0 14 m 3 21 2 36-56 20 16-30 0.02 56

C-MW3SA 1.673,525 3.163.109 5454.5 5432.5 15 NA 19 7 4 25-30 S 16-30 0.02 30
C-UW3Se 5429.0 15 NA 4 21 3 36-SO 20 16-30 0.02 56

NOTES:

1. EACH OF THE OUEL COMPLETION WELLS ARE PROPOSED.
2. GROUND SURFACE ESTIMATED FROM NEARBT WELLS.
3. WATER-LEVEL ELEVATION ESTIMATED FROM AUCUST, 2000 WATER-TABLE MAP.
4. DEPTH TO BEDROCK ESTIMATED FROM BEDROCK ELEVATION MAP ANO ESTIMATED GROUND SURFACE.NA NOT APPLICABLE.

SAND PACK MATERIALS SCHEDULE

SAND PACK
OOCLEBAV NORTON f 16-30

U.S. SIEVE PERCENT PASSING
NO. BY WEIGHT

12 100
16 99.6
20 S3.2
30 6.4
40 1.1

CDOT REGION 6 HEADQUARTERS 
BIODEGRADATION 

INJECTION SYSTEM 

DENVER, COLORADO

DUAL COMPLETION 
INJECTION/MONITORING WELLS

ORAWINC HO:
C—4

23

2'MIN. 

c------4-__ 8ACKFlt..l. MATERIAi.. 

CDIENT-BDmJNITE CA0Uf (UPPER ZONt WEU.) 

EXISTING EXCAVATED SUBSOIL IMTERW. 
~ CE PERISHA8LE IMITRIAL. ~ 
ORGN«: IMntR, TRAStt, OEBR1S. ANO 
ROCKS OR LUMPS LARCER THAN 4,--JNCH 
IN GAEATEST OIMENSION 

SANO 8ED01NG MATERW.. WEE1lNG Tlt[ 
fOl.LOWIN: ~TlON REQUREMENlS 
.IICCMOINCTOA.STM 0422: 

~ f'fBCf'q00PtiSSINC 
NO. • 90 TO 100 

NO. 40 10 TO 40 
NO. 100 J TO 15 
NO. 200 0 TO 7 

DUAL CO,..PLETION INJECTION/ .. ONITORING WELL AND CONSTRUCTION TABLE 2'MIH. 

VARIES 
SEE '"'-' 
T>«S owe. 

l'MIN. 

1' MIN. 

VARlES 
SEE T"'-' 
THIS OWG. 

! ~JECTION WELL AND VAULT PIPING SECTION@ 

_,....,Nu APf'ffOX.. N'f"ROX. APPROX. uEPTH ,mo, ,u,"' 
WEU. .... .,, SURFACE -TCA OC'PTH TO Of' SURf'ACE CEMENT- ,mo, """"""" o..£VATION 1 EU:VATION B([)ROQ(J CASTlNG """'"m:"""" SWO PACK 

rro AMSL fEET acs 
l,67J,!i07 J,163,082 ~.5 MJ5.l NA " " 54211,0 " 

C-twtlA 1,UJ.~ l,163,095 5454.!i 5432.5 " 5429,0 

C-IW7A 1 ,Ul,48.3 l, 1 lll,094 5454.5 54J2.!i " 54211,0 

C-IWHIA 1,673,481 J,IIJ,0:10 5454.5 " 542UI 

C-Wl1A 1,Ul,488 3,163,028 5454.5 5432.5 

C-Wl18 54211,0 " 
C-WWJ2A 1,67l,!i01 l,16l,112 545!1.0 .. ,.,, 

" C-IWJB S4l6.0 

C-Wl5A 1,673,525 l,l&l,109 !'>4~.5 5432.5 " 5429.0 " " 
"°""' 1. £JO+ OF' THE 0U£L COWPt..£TlOH WEUS ARE PROPOSED. 
2. GROUND SURF.ICC ESTIMATED f"ROM NEARBY W[l..l.S. 
l. WATER-t.£VE1. ELE\IATION [STIIU.fED FROM AUGUST, 2000 WATER-TABI.£ t,W>. 
~ ~~ CSTIWATED ~ BEDftOCI( D.EVATION WAP ANO CSTIWAfED CROUND SVAf"ACE. 

SAND PACK "'A TERIALS SCHEDULE 
...., . .,. 

OOClEBAY HORTON I 16-.JO 

U.S. SIEVE 

""· 
" " 20 
JO ... 

PERCtNT PASSING .. .....,. 
100 

911.11 
53' •.. 

I.I 

eEU£l""-

COOT REGION 6 HEADQUARTERS 
BIODEGRADATION 

INJECTION SYSTEM 
DENVER, COLORADO 

SCOW< """" INTUNAI.... L£NCTI-I 

F££T 8CS) {IN-' 

20-JO 0.02 XI 

35-55 20 0.02 55 

25-JO ,.02 ,._., 
20 .. 

20-JO JO 

Jl--5' 20 , 0.02 

20-JO " 111-.lO 0.02 

Jl--5' 20 111-JO " 
25-30 0.02 ....... 20 0.02 

20--JO " JO 

36-56 20 

2>-JO 111-JO 0.02 JO 

.18--58 20 111-JO 0.02 .. 

CML 

DUAL COMPLETION 
INJECTION/MONITORING WELLS · 



ble
injection well

Former Redfield 
Riflescopes, Inc. Building

®
NS

R-MW36 ®
R-MW38

NS

EXPLANATION

Security Fence 

Proposed Injection Well 

Proposed Monitoring Well 

Existing Injection Well 

CDOT Monitoring Well 

Redfield Monitoring Well 

Abandoned Well 

Not Sampled

Lower A Sandstone Isopach Contour 
(Thickness in feet)

Methylene Chloride Concentration
Contour, February 2001 (Concentration in ug/l)

Aerobic Biodegrodation Injection Point

Groundwater Monitoring Point

Proposed Injection Well and Monitoring Well Network

H cl rd i fl £ ESE For ln ^itu Biode9radat*on in the Upper Zone O A
________  ^ CDOT Reoion 6 Hendauarters-Site ^ ■ ICDOT Region 6 Headquarters- Site 

Denver, Colorado
DATE 

11/00
REVISEO DATE

0 "' 

E. Atlont;c Place 

• 
~ 

SU 

·~ NS 

2------11_ 

c------i 

i I 
I . 
L___J 

j ~-MW17D LP 
0 10 

'.) 

Scale in feet 

/ 

well 

Former Redfield 
Riflescopes, Inc. Building 

® 
R-MW38 

NS 

~ EXPLANATION 
® 3J 

Install for possible 
conversiorr-ttri'nie' m:mt-il 

0 

DRAWN JOB NUMBER 

SI J 42708 

---6-- Security Fence 

2---
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Table A3: Schedule for Groundwater Quality Sampling

Month of Operation

Baseline 1 3-24 25-Shutdown* Shutdown-24*

Sa nple Frequency_______OnceOnce Quarterly Semiannually Quarterly

Uj, per Zone Groundwater Monitoring Network

Injection Wells

C-IW1A - F

C-IW2A F

C-IW3A F

C-IW4A F

C-IW5A F

C-IW6A F

C-IW7A F

C-IW8A F

C-IW9A F

C-IW10A F

C-MW20S F

C-MW23 F

V

V

V

V

V

V

V

V

V

V

V

V

Monitoring Wells 

C-MWIO F F F

C-MW15S F V F F

C-MW18S F - F F
C-MW19S F - F F

C-MW21S F V F F

C-MW22 F V F F

C-MW29A F V F F

C-MW31A _ F V F F

C-MW32A F V F F

C-MW33A F • F F

C-MW34A F V F F

C-MW35A F V F F

C-MW36A F V F F

C-OBSIA F V F F

C-OBS2A F V F F

R-MW37 F V F F

V

V

V

V

V

V

V

V

V

V

V
V

V

V

V

V

Lower Zone Groundwater Monitoring Network

Injection Wells

C-IW2B

C-IW3B

C-IW4B

C-IW6B

C-IW7B

C-MW16S

F

F

F

F

F

F

V

V

V

V
V

V

42708 24.2
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Table A3: Schedule for Grou~dwater Quality ~Jj'.!mpling 

Baseline 1 
Sa·;tple Frequency Once Once 

U1, per Zone Groundwater Monitoring Network 

Injection Wells 
C-IWIA - F 
C-IW2A F 
C-IW3A F 

·c-IW4A F 
C-IW5A F 
C-IW6A F 
C-IW7A F 
C-IW8A F 
C-IW9A F 
C-IWI0A F 
C-MW20S F 
C-MW23 F 

Monitoring Wells 
C-MWIO F 
C-MW15S F V 
C-MW18S F 
C~MW19S F 
C-MW21S F V 
C-MW22 F V 
C-MW29A F V 

.C-MW31A __ F V 
C-MW32A F V 
C-MW33A F 
C-MW34A F V 
C-MW35A F V 
C-MW36A F V 
C-OBSIA F V 
C-OBS2A F V 
R-MW37 F ·V 

Lower Zone Groundwater Monitoring Network 

Injection Wells 
C-IW2B 
C-IW3B 
C-IW4B 
C-IW6B 
C-IW7B 
C-MW16S 

42708 24.2 
01/23/02 CMWP 

F 
F 
F 
F 
F 
F 

Month of Operation 
3-24 25-Shutdown* Shutdown-24# 

Quarterly Semiannually Quarterly 

V 
V 
V 
V 
V 
V 
V· 
V 
V 
V 
V 
V 

F F V 
F F V 
F F V 
F F V 
F F V 
F F V 
F F V 
F F V 
F F V 
F F V 
F F V 
F F V 
F F V 
F F V 
F F V 
F F V 

V 
V 
V 
V 
V 
V 

Harding ESE 1 of2 



Table A3: Schedule for Groundwater Quality Sampling

(continued)

Month of Operation
Baseline I 3-24 2fi-Shutdown* * Shutdown-24"

Sample Frequency Once Once Quarterly Semiannually Quarterly

Monitoring Wells 

C-MW9 F F F V

C-MW15D F - F F V

C-MW17S F - F F V

C-MW18D F - F F V

C-MW19D F - F F V

C-MW20D F V F F V

C-MW21D F V F F V

C-MW30B F V F F V

C-MW31B F V F F V

C-MW34B F V F F V

C-MW35B F V F F V

C-OBS1B F V F F V

C-OBS2B F V F F V

R-MW37B F V F F V

Field parameters listed in Section A2.4.2 will be measured every two weeks for the first six weeks of operation, and 

then concurrent with scheduled groundwater sampling events thereafter.

Samples for the analysis of bromide will be collected every two weeks for the first eight weeks of operation. These 

samples will be collected at the same monitoring wells designated for sampling at the one month sampling event. In 

the event that bromide is not detected at the perimeter monitoring wells within the first eight weeks of operation, 

sampling for bromide will continue at one-month intervals, as necessary, through the first six months of system 

operation. Any future injection of bromide and subsequent monitoring will be subject to discussion with the 

Colorado Department of Public Health and Environment pending the results of this study.

F Full suite of analytes listed in Table A4 

V VOCs and Light Hydrocarbons

* After the first two years of system operation, sampling frequency will be re-evaluated on the basis of analytical 

results presented in the annual report.

# Samples will be collected quarterly for two years following system shutdown.

2 of 2 Harding ESE 42708 24.2
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Table A3: Schedule for Groundwater Quality Sampling 
(continued) 

Month of Operation 
Baseline 1 3-24 2$-Shutdown* Shutdown-24# 

Sample Frequency Once· Once Quarterly ~}~mi annually Quarterly 

Monitoring Wells 
C-MW9 F F F V 
C-MW15D F F F V 
C-MW17S F F F V 
C-MW18D F F F V 
C-MW19D F F F V 
C-MW20D F V F F V 
C-MW21D F V F F V 
C-MW30B F V F F V 
C-MW31B F V F F V 
C-MW34B F V F F V 
C-MW35B F V F F V 
C-OBSlB F V F F V 
C-OBS2B F V F F V 
R-MW37B F .v F F V 

Field parameters listed in Section A2.4.2 will be measured every two weeks for the first six weeks of operation, and 
then concurrent with scheduled groundwater sampling events thereafter. · 

Samples for the analysis of bromide will be collected every two weeks for the first eight weeks of operation. These 
samples will be collected at the same monitoring wells designated for sampling at the one month sampling event. In 
the event that bromide is not detected at the perimeter monitoring wells within the first eight weeks of operation, 
sampling for bromide will continue at one-month intervals, as necessary, through the first six months of system 
operation. Any future injection of bromide and subsequent monitoring will be subject to discussion with the 
Colorado Department of Public Health and Environment pending the results of this study. 

F Full suite of analytes listed in Table A4 
V VOCs and Light Hydrocarbons 

• After the first two years of system operation, sampling frequency will be re-evaluated on the basis of analytical 
results presented in the annual report. 

# Samples will be collected quarterly for two years following system shutdown. 
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